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[54) ALIGNER AND EXPOSURE METHOD 

C57)Abstract 

PURPOSE: To provide an aligner and an exposure method wherein the 
image of the optical contrast of a fine pattern can be transferred. 
CONSTITUTION: A beam of irradiation light from a light source 1 is 
incident on a polarization plate 6 via an oval mirror 2, a mirror 3, a 
condenser lens 4 and an optical integrator 5. The polarization plate 6 is 
supported by a support utensil 7; it can be turned around an optical axis 
Ax or an axis which is parallel to it; the polarization direction of a 
transmitted light flux can be set arbitrarily. The beam of irradiation light 
is converted into a beam of linearly polarized light which is vibrated in a 
direction parallel to the lengthwise direction of a line-and-space pattern 
on a photomask 1 1; it is guided to a condenser lens 8 and a mirror 9; a 
pattern 12 on the rear surface of the mask 1 1 is irradiated. A beam of 
transmitted and diffracted light from the mask 1 1 is condensed by 
means of a projection optical system 13; the image of the pattern 12 is 
formed on a wafer 14. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The aligner characterized by having the polarization member which controls the polarization 
condition of the illumination- light bundle to said photo mask in the aligner which has the illumination- 
light study system which illuminates a photo mask. 

[Claim 2] Said polarization member is the aligner of claim 1 characterized by being constituted with 1/2 
wavelength plate or a quarter-wave length plate. 

[Claim 3] The exposure approach characterized by controlling the polarization condition of the 
illumination light to said photo mask according to said pattern in the exposure approach which imprints 
the pattern formed in said photo mask by illuminating a photo mask on an induction substrate. 
[Claim 4] The exposure approach characterized by using the phase shift mask which has the pattern 
which consists of the light transmission section and the phase shift section to which the phase member 
which changes the phase of the transmitted light to this light transmission section was added as said 
photo mask. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the exposure imprint technique of detailed patterns, 

such as a semiconductor integrated circuit pattern. 

[0002] 

[Description of the Prior Art] In order to carry out an exposure imprint at induction substrates, such as a 
wafer with which detailed patterns, such as a semiconductor integrated circuit pattern, were applied to 
the resist, transmitted illumination of the photo mask (it is also called a reticle) was carried out 
conventionally, and the approach of projecting a mask pattern on a wafer side has been performed. 
Under the present circumstances, when controlling the polarization condition of the illumination light by 
the conventional exposure approach positively was not performed but it used the strong laser light 
source of coherence, changing the linearly polarized light into the circular polarization of light or 
random polarization in order to reduce a speckle was extent currently made. 

[0003] Moreover, recently, projection optics is made to intervene between a photo mask and induction 
substrates (wafer etc.), and although the approach of carrying out image formation projection (especially 
contraction projection) of the mask pattern to a wafer side is common, controlling the polarization 
condition of the illumination light on a pattern ****** positive target also in this case is not performed. 
[0004] On the other hand, the phase shift mask which added the phase member which changes the phase 
of the transmitted light to a part of light transmission section is known as a photo mask suitable for the 
imprint of a detailed pattern. If this phase shift mask is used, even if it is a common aligner, resolution 
and the depth of focus will improve. 

[0005] For example, a projection aligner is used, and supposing the wafer side numerical aperture of 
projection optics is NAw and exposure wavelength is lambda, it is made [ that even the pattern of the 
detailed pitch of 0.5 lambda/NAw is resolvable, and ] theoretic with the phase shift mask. 
[0006] 

[Problem(s) to be Solved by the Invention] However, even if it uses a projection aligner and a phase 
shift mask which were mentioned above, actual resolution (resolution which actually separates a resist 
pattern) is not so high as the resolution on a principle. 

[0007] Since there is thickness in the resist applied to a wafer side as one of the cause of this, for 
resolving a resist layer, it is mentioned that the depth of focus only for that thickness is the need at 
worst, and various examination is made about this point. 

[0008] However, in the conventional aligner, since the polarization condition of the illumination light 
other than the problem of the above-mentioned depth of focus is unsuitable (detail after-mentioned), 
there is an essential problem that the contrast of an image falls. With the equipment of a projection 
aligner especially with a big numerical aperture (NA), a contact mold, or a pro squeak tea mold, this 
problem becomes very serious. 

[0009] This invention is made in view of this point, and aims at offering the aligner and the exposure 
approach of obtaining the image of high contrast of a detailed pattern by perceiving the polarization 
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condition of the illumination light which was not examined until now. 
[0010] 

[Means for Solving the Problem] The aligner by invention of claim 1 is equipped with the polarization 
member which controls the polarization condition of the illumination-light bundle to said photo mask, in 
order to have an illumination-light study system for illuminating a photo mask and to attain the above- 
mentioned technical problem. 

[001 1] Moreover, the exposure approach by invention of claim 3 controls the polarization condition of 
the illumination light to said photo mask according to said pattern, in order to face carrying out the 
exposure imprint of the pattern formed in the photo mask by illuminating a photo mask on an induction 
substrate and to attain the above-mentioned technical problem. 
[0012] 

[Function] An operation of this invention is explained with reference to drawing 3 . Drawing 3 (A) It is 
the top view of the mask which has Rhine and the tooth-space pattern which were located in a line in the 
direction of a single dimension, and is drawing 3 (B). It is the optical-path Fig. showing signs that the 
illumination light Li carries out incidence almost perpendicularly to the mask of (A), and image 
formation of the image is carried out to a wafer 14 by projection optics 13. 

[0013] Here, it is drawing 3 (A). The shown mask 11 Supposing at least that of the spatial-frequency 
modulation mold arranged in the fixed pitch has phase member 12a to which only pi (2m+l) (m is an 
integer) changes the phase of the transmitted light a phase shift mask (for example, indicated by JP,62- 
50811,B) Since each other is offset, the 0th diffracted-light comrade who penetrated the covering section 
and the non-covering section of phase member 12a, respectively is drawing 3 (B). The diffracted light 
which is set and is generated from a mask pattern 12 is mainly the +primary diffracted light Dp. - 
primary diffracted light Dm It becomes. It is condensed by projection optics 13, and the these 2 flux of 
light results in a wafer 14, and forms an interference fringe here. This interference fringe is drawing 3 
(C). (D) They are the images 15a and 15b (shown as intensity distribution by a diagram) of the shown 
mask pattern 12. 

[0014] The polarization direction of the illumination light Li is considered at this time. Drawing 3 (C) 
The polarization direction (sense of an electric field vector) of the illumination light Li is the conceptual 
diagram showing the situation of the image formation in the longitudinal direction of a perpendicular 12, 
i.e., a pattern, and the case (the so-called S polarization) of being parallel in space. In this case, it 
becomes perpendicular to the polarization direction mist poster side of each diffracted light (the primary 
[ **] diffracted light Dp and Dm) generated from the pattern side of a photo mask. It sets on a wafer 14 
and they are these two diffracted lights Dp and Dm. Amplitude addition (coherence addition) is carried 
out. 

[0015] drawing 3 (C) **** - the +primary light Dp and - primary light Dm Since the sense of an 
electric field vector is parallel, if 1, then the magnitude of the sum have 2 and the reverse sense, the 
magnitude of the sum will be set equal to 0 by both sense in magnitude. Therefore, on a wafer, contrast 
100% image 15a which consists of maximum of 4 (=|2|2 or |-2|2) and the minimum value of 0 (=|0|2) 
will be formed as reinforcement. 

[0016] On the other hand, it is drawing 3 (D). It is a case (P polarization) with the polarization direction 
of the illumination light Li parallel to space, therefore they are the primary [ **] diffracted light Dp and 
Dm. Plane of polarization is also parallel to space. Also in this case, it sets on a wafer 14 and they are 
the primary [ **] diffracted light Dp and Dm. Although amplitude addition is carried out, since both 
polarization direction is not parallel (it shifts from parallel only the twice of the incident angle theta), a 
different interference from the case ( drawing 3 (C)) of the image formation by S polarization is caused. 
Drawing 3 (D) The max of the absolute value of the amplitude sum which can be set is set to 2cos(es) 
theta, and min is set to 2sin(s)theta. 

[0017] Therefore, strong max is 4cos(es)2. theta and min are 4sin(s)2. It is set to theta and is drawing 3 
(C). Interference fringe 15b with contrast lower than a case arises. For example, if the page [ of a wafer / 
14th ] incident angle theta is 30 degrees, 4x(3 1/2/2)2 =3 and the minimum reinforcement will be set to 
4x(0.5)2 =1 by the maximum reinforcement, and contrast will have only (3-1) / (3+1) =50%. 
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[0018] In actual exposure, the quantity of light in a photoresist poses a problem, and they are the 
primary [ **] diffracted light Dp in a resist, and Dm. Since inclination theta' becomes sintheta — sin 
theta/n (n is the refractive index of a resist), if the refractive index n of a resist is 1.6, it will be set to 
sintheta -0.3 125 and costheta— 0.9499 (theta= 30 degrees of incident angles). At this time, strong max is 
4xcos2. theta'=3.609 and min are 4xsin2 theta'=0.391 and contrast is (3.609-0.391) / (3.609+0.391) 
-80%. 

[0019] On the other hand, it is drawing 3 (C). In the case of the image formation by S polarization, 
naturally, the contrast of an image is 100% in a resist. 

[0020] Therefore, when the patterns formed in the mask are Rhine and a tooth-space pattern, higher 
image contrast will be obtained by arranging the polarization direction (electric field vector) of the 
illumination light in the direction parallel to the longitudinal direction of a pattern. The aligner currently 
used conventionally enables it to raise the contrast of an image by controlling the illumination light 
according to a pattern, although image formation is carried out in the state of the average of S 
polarization and P polarization. 

[0021] Although the location shift mask was used as a photo mask in drawing 3 , the operation by which 
pattern formation was carried out only by the protection- from-light member which consists of chromium 
etc. and which was mentioned above even if it was usually a mask is the same, it is arranging the 
polarization direction of the illumination light in the direction parallel to the longitudinal direction of a 
pattern, and the contrast of an image increases. Moreover, even if it is the aligner of not only when 
performing image formation projection by projection optics, but a pro squeak tea method, improvement 
in contrast is achieved similarly. 

[0022] And even if the effectiveness by controlling the polarization direction of the illumination light is 
the aligner of what kind of format, it is so large that the pattern which should be imprinted on a wafer is 
detailed. This is sin2, when theta in drawing becomes large with detailed-ization of a pattern in the 
example of drawing 3 and theta (in fact theta') becomes 45 degrees in the image formation by P 
polarization. Theta=cos 2 Considering that it is set to theta and contrast is set to 0, it is clear. 
[0023] In addition, in order to perform image formation by S polarization in a projection aligner, also 
controlling the polarization condition of the light which has arranged the polarization member to the 
Fourier transform side of projection optics, and penetrated the mask is considered, but when the 
illumination light is in the average condition of S polarization and P polarization, a polarization member 
will absorb one half of the quantity of lights of the illumination light, and the effect on the image- 
formation engine performance by endoergic [ of a polarization member ] poses a problem. For this 
reason, not the flux of light after mask transparency but the polarization condition of the illumination 
light shall be controlled by this invention. 
[0024] 

[Example] Drawing 1 is the block diagram of the aligner by the example of this invention, and has 
formed the polarizing plate 6 into the illumination-light study system in this example. In drawing, 
incidence of the illumination light emitted from the light source 1 of a mercury lamp etc. is carried out to 
a polarizing plate 6 through the ellipse mirror 2, a mirror 3, a condenser lens 4, and the optical integrator 
5. It is supported by support 7 and this polarizing plate 6 is an optical axis Ax. Or it is pivotable 
considering a shaft parallel to it as a core. The motor (un-illustrating) formed on support 7 performs this 
rotation. Therefore, the illumination-light bundle which penetrates a polarizing plate 6 turns into the flux 
of light of the polarization direction (linearly polarized light) according to the hand of cut of this 
polarizing plate 6. 

[0025] The flux of light which passed the polarizing plate 6 is led to condenser lenses 8 and 10 and a 
mirror 9, and illuminates the pattern (inferior surface of tongue) 12 on a photo mask (reticle) 1 1 . It is 
condensed, and image formation of the transparency from a photo mask 1 1 and the diffracted light is 
carried out by projection optics 13, and they connect the image of a mask partem 12 to a wafer 14. 
Under the present circumstances, since the linearly polarized light will be changed into elliptically 
polarized light when the mirror 9 in drawing 1 shifts from a perpendicular or the location which 
becomes parallel to the oscillating direction of the illumination light, it is necessary to care about this 
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point. 

[0026] Here, the mask pattern 12 was used as the 1 -dimensional Rhine ANDOHA pace pattern like 
illustration. In an actual semiconductor integrated circuit partem, patterns are [ all ] single dimension 
Rhine and a tooth-space pattern, and directivity is not equal, and in the case of a memory circuit, a 
detailed pattern is about 1 -dimensional Rhine and a tooth-space pattern, and the directivity is also an 
equal mostly in one mask, for example. Moreover, the dimension of patterns other than single dimension 
Rhine and a tooth-space pattern is large compared with Rhine and a tooth-space pattern. 
[0027] Therefore, by arranging the polarization direction of the illumination light with the longitudinal 
direction of a mask pattern 12, and parallel with a polarizing plate 6, the contrast of detailed Rhine and a 
tooth-space pattern image can be improved, and detailed-ization of an integrated circuit is attained. 
Since whenever [ of a pattern / detailed ] is comparatively loose, even if polarization of the illumination 
light is not correctly optimized to the pattern except detailed single dimension Rhine and a tooth-space 
pattern, the falls of the contrast to produce are few. 

[0028] Here, in drawing 1 , although the light source 1 was used as the mercury lamp, they may be other 
lamps and laser light sources. When especially the light source is the laser which injects the linearly 
polarized light or the circular polarization of light, 1/2 wavelength plate and a quarter-wave length plate 
can be used as a member for controlling a polarization condition. 

[0029] Drawing 2 (A) It is the explanatory view showing the example of the polarization member in the 
case of using laser as the light source. In drawing, incidence of the incident light L0 (flux of light from 
the light source) which is the linearly polarized light (the polarization direction is the space vertical 
direction) is carried out to 1/2 wavelength-plate 6a. At this time, it is [ the criteria shaft orientations 
(two-dot chain line in drawing) of 1/2 wavelength-plate 6a, and ] incident light L0. Only in theta, the 
polarization direction shall lean. Consequently, injection light LI The polarization direction is incident 
light L0. It becomes that to which only 2theta inclined to the polarization direction. Therefore, it is the 
injection light LI by rotating 1/2 wavelength-plate 6a in a field perpendicular to the illumination light 
with a holder 7. The polarization direction can be set up in the direction of arbitration. 
[0030] In addition, the reference axis of 1/2 wavelength-plate 6a is drawing 2 (B). To the transmitted 
light of the polarization direction parallel to a reference axis (two-dot chain line), the optical-path-length 
difference of 11 =m lambda+alpha was given, and it considered as the shaft which gives the optical path 
length of 12 =m lambda+alpha+lambda / 2=ll+lambda/2 to the transmitted light of the perpendicular 
polarization direction so that it might be shown. 

[0031] When the light emitted from the light source is not the linearly polarized light but the circular 
polarization of light, the polarization direction of injection light can be similarly controlled with drawing 
2 having explained by using a quarter- wave length plate instead of 1/2 wavelength plate. In this case, the 
flux of light injected serves as the linearly polarized light according to the rotation location direction of a 
quarter-wave length plate. 

[0032] As mentioned above, if 1/2 wavelength plate and a quarter-wave length plate are used as a 
polarization member using the laser which injects the linearly polarized light or the circular polarization 
of light as the light source, without losing the quantity of light from the light source, the polarization 
direction can be changed in the optimal direction and it can lead to a mask. On the other hand, since the 
quantity of light after polarization member passage becomes half theoretically when a lamp is used as 
the light source (when the light of an unpolarized light condition is emitted from the light source), it is 
necessary to care about this point. 

[0033] In addition, when using a quarter-wave length plate and 1/2 wavelength plate as a polarization 
member, as for incoming beams, it is desirable that it is close to the parallel flux of light. Therefore, a 
quarter-wave length plate and 1/2 wavelength plate are not after optical integrator 5 injection in drawing 
1 , for example, it is desirable to set to a light source (laser light source) side from a relay lens 4. This 
arrangement may be applied to the case where the light source of a mercury lamp etc. is used. 
[0034] 

[Effect of the Invention] Since the polarization condition of the illumination light is controlled in this 
invention according to a mask partem, especially detailed single dimension Rhine, and a tooth-space 
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pattern like above, the coherence of the diffracted light from a pattern formation side increases, and it 
becomes possible to imprint the image of the detailed pattern of very high contrast on an induction 
substrate. Under the present circumstances, if a phase shift mask is used, the contrast of an image can be 
raised further. Moreover, if it faces controlling the polarization condition of the illumination light, 1/2 or 
a quarter-wave length plate is used as a polarization member and laser is used as the light source, the 
amount of illumination light will not be lost. 



[Translation done.] 
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